schemIc stroke caused by acute internal carotid artery (ICA) occlusion is often associated with poor outcomes. 10, 13 Various revascularization therapies were previously used to reopen an acutely occluded ICA, but satisfactory treatment outcomes were not achieved. 2, 5, 7, 9 Most recently, several clinical studies have shown that revascularization therapy using a stent retriever can improve clinical outcomes in patients with acute ICA occlusion. 1, 6, 12 The vascular lumen of an acutely occluded ICA generally contains numerous thrombi. 7,9,10 Therefore, because a single thrombectomy attempt with a stent retriever may not completely remove all thrombi, carotid angiography on the affected side to confirm recanalization has a potential risk of causing distal embolization. In this report, the usefulness of contralateral carotid angiography in revascularization therapy of acute ICA occlusion is described. Department of Neurosurgery, Nara Hospital, Kindai University Faculty of Medicine, Nara, Japan OBJECTIVE The vascular lumen of an acutely occluded internal carotid artery (ICA) generally contains numerous thrombi. Therefore, carotid angiography on the affected side during revascularization therapy of acute ICA occlusion has a potential risk of causing distal embolization. In this study the authors propose the use of contralateral carotid angiography. METHODS Six patients with acute ICA occlusion underwent revascularization therapy using a stent retriever or Penumbra system. Revascularization therapy was performed with placement of a 9-Fr balloon-guiding catheter (BGC) in the affected ICA and a 4-Fr diagnostic catheter in the contralateral ICA. During the procedure, the 9-Fr BGC was kept inflated, and all control angiography was performed from the 4-Fr diagnostic catheter. After thrombectomy, contralateral carotid angiography combined with manual aspiration from the 9-Fr BGC was performed to assess the presence or absence of residual thrombi in the affected ICA. The 9-Fr BGC was deflated only after the complete absence of residual thrombi in the affected ICA was confirmed. RESULTS The time required for introducing the 4-Fr diagnostic catheter into the contralateral ICA was within a few minutes in all patients. Residual thrombi in the affected ICA were found in 3 of 6 patients. The residual thrombi in these 3 patients were completely removed; thus, distal embolization was prevented. CONCLUSIONS Contralateral carotid angiography is useful for avoiding distal embolization during revascularization therapy of acute ICA occlusion. Further studies involving a larger number of patients are warranted to verify the clinical efficacy of this contralateral carotid angiography.
Methods

Patients
Six patients (2 men and 4 women, mean age 63 years) with acute ICA occlusion underwent revascularization therapy ( Table 1 ). The etiology of acute ICA occlusion in these 6 patients was cardiogenic embolism (n = 3), dissection (n = 1), paradoxical embolism (n = 1), and arteriosclerosis (n = 1). The mean National Institutes of Health Stroke Scale (NIHSS) score on admission was 16 (range 10-31). Intravenous tissue plasminogen activator (tPA) was administered to 2 patients who met the indications (Table 1) . Written informed consent was obtained from all patients.
Procedure
Revascularization therapy was performed under local anesthesia in all patients. A 9-Fr sheath was placed in the right femoral artery, and a 4-Fr sheath was placed in the left femoral artery. First, diagnostic angiography was performed to evaluate the occlusion site and collateral flow. After diagnostic angiography, a 9-Fr balloon-guiding catheter (BGC) was placed in the affected ICA, and a 4-Fr diagnostic catheter was placed in the contralateral ICA; in Case 3, the 4-Fr diagnostic catheter was placed in the vertebral artery because the anterior communicating artery (ACoA) was hypoplastic and the posterior communicating artery was patent. During the procedure, the 9-Fr BGC was kept inflated. All control angiography was performed from the 4-Fr diagnostic catheter. A stent retriever or Penumbra system (Penumbra) was used for thrombectomy. After thrombectomy, contralateral carotid angiography combined with manual aspiration from the 9-Fr BGC was performed to assess the presence or absence of residual thrombi in the affected ICA; in Case 3, vertebral angiography combined with manual aspiration from the 9-Fr BGC was performed. This contralateral carotid angiography or vertebral angiography was performed by manual injection instead of using a power injector. A first operator performed manual injection using a 10-ml syringe, and a second operator performed manual aspiration from the 9-Fr BGC using a 20-ml syringe. The 9-Fr BGC was deflated only after the complete absence of residual thrombi in the affected ICA was confirmed.
Results
The time required for introducing the 4-Fr diagnostic catheter into the contralateral ICA was within a few minutes in all patients. Residual thrombi in the affected ICA were found in 3 of 6 patients. The residual thrombi in these 3 patients were completely removed, and therefore distal embolization was prevented. The final Thrombolysis in Cerebral Infarction (TICI) grade was 3 in 3 of the 6 patients and 2b in the remaining 3 patients. One complication was encountered, in the form of ICA dissection on the affected side when advancing the 9-Fr BGC (Case 1). One patient (Case 3) died of severe brain edema after cerebral infarction (Table 1) .
Illustrative Cases
Case 2
A 67-year-old woman with a history of chronic atrial fibrillation developed sudden left hemiparesis and slurred speech, and she was transported by ambulance to our hospital 150 minutes after symptom onset. Her NIHSS score on admission was 11. Head CT showed no obvious abnormalities. Magnetic resonance diffusion-weighted imaging (DWI) showed a small acute infarction in the right frontal lobe (DWI-Alberta Stroke Program Early CT Score [ASPECTS] = 9; Fig. 1 left) , and MR angiography (MRA) showed right ICA occlusion (Fig. 1 right) . Since her prothrombin time/international normalized ratio was prolonged to 1.95 because of warfarin therapy, intravenous tPA was not administered.
Under local anesthesia, a 9-Fr sheath was placed in the right femoral artery, and a 4-Fr sheath was placed in the left femoral artery. After sheath placement, 5000 units of heparin were administered intravenously. First, diagnostic angiography was performed using a 4-Fr diagnostic catheter. Right common carotid angiography showed occlusion of the right ICA ( Fig. 2A) . Left internal carotid angiography showed that the right carotid terminus was occluded by a thrombus (Fig. 2B) . After diagnostic angiography, the 4-Fr diagnostic catheter was kept in the left ICA instead of being removed, and an Optimo 9-Fr BGC (Tokai Medical Products) was placed in the right ICA. During the procedure, the 9-Fr BGC was kept in- 2C ). After 5 minutes, the stent was gently withdrawn under manual aspiration through the BGC. A large thrombus was removed with the first attempt, and left internal carotid angiography showed recanalization of the right carotid terminus (Fig. 2D ). However, backflow of blood from the proximal end of the BGC was not observed, and blood aspiration was not possible. Some residual thrombus was therefore believed to be present. Because the right cerebral hemisphere was being perfused with cross-flow via the ACoA, the search for the residual thrombi was performed slowly, without haste. A residual thrombus was found just distal to the BGC tip. This residual thrombus was aspirated using a Penumbra 5MAX ACE reperfusion catheter (Penumbra). Thereafter, backflow of blood was observed from the proximal end of the BGC. To assess whether further residual thrombi were present, contralateral carotid angiography combined with manual aspiration from the BGC was performed (Fig. 2E) .
After the complete absence of residual thrombi in the affected ICA was confirmed, the BGC was deflated for the first time. The final TICI grade was 3. Final right internal carotid angiography showed vasospasm in the right petrous ICA attributable to BGC placement (Fig. 2F ). It was believed that the residual thrombus had likely remained after being caught at this site of vasospasm. The patient's neurological symptoms improved dramatically after the procedure, and she became ambulatory. Her NIHSS score at the time of discharge was 2.
Case 5
A 38-year-old woman had been admitted to the mater- nity ward at our hospital for delivery. Two days after delivery, she developed sudden disturbance of consciousness and left hemiparesis, and she was referred to our department. Her NIHSS score was 14 at symptom onset. Head CT showed no obvious hemorrhagic lesions. MR-DWI showed faint high signal intensity in the right basal ganglia (DWI-ASPECTS = 7; Fig. 3 left) , and MRA showed right ICA occlusion (Fig. 3 right) . Because the patient had given birth 2 days earlier, intravenous tPA was not administered. Endovascular therapy was started 170 minutes after symptom onset. Under local anesthesia, a 9-Fr sheath was placed in the right femoral artery, and a 4-Fr sheath was placed in the left femoral artery. Six thousand units of heparin were administered intravenously, and then diagnostic angiography was performed using a 4-Fr diagnostic catheter. Right common carotid angiography showed occlusion of the right ICA (Fig. 4A) . Left internal carotid angiography showed that the right carotid terminus was occluded by a thrombus (Fig. 4B) . The late phase of left internal carotid angiography showed that the right middle cerebral artery (MCA) territory was being perfused with abundant leptomeningeal collateral flow from the right anterior cerebral artery. After diagnostic angiography, the 4-Fr diagnostic catheter was kept in the left ICA instead of being removed, and an Optimo 9-Fr BGC was placed in the right ICA. During the procedure, the 9-Fr BGC was kept inflated. First, manual aspiration from the inflated BGC was performed. Numerous thrombi were aspirated, and blood flowed back from the proximal end of the BGC. Contralateral carotid angiography combined with manual aspiration from the BGC showed recanalization of the right ICA, but the right MCA remained occluded. Furthermore, findings suspicious for a thrombus were observed in the right carotid siphon (Fig. 4C) . The thrombus in the right carotid siphon was more clearly visualized on a right anterior oblique view (Fig. 4D) . After a Trevo Pro 18 microcatheter was introduced distal to the occlusion site of the right MCA using a CHIKAI 0.014-inch microguidewire, a Trevo ProVue 4 × 20-mm stent retriever was deployed spanning from the M 1 segment of the right MCA to the right carotid siphon. The stent was left in position for 5 minutes and then gently withdrawn under manual aspiration through the BGC. A large thrombus was removed with the stent (Fig. 4E) . Contralateral carotid angiography combined with manual aspiration from the BGC showed disappearance of the thrombus in the right carotid siphon, but the right MCA was still occluded. A second attempt with the Trevo ProVue was performed for the right MCA occlusion, but because recanalization was not achieved, the strategy was switched to aspiration thrombectomy with a Penumbra system. A thrombus was aspirated with a Penumbra 5MAX ACE reperfusion catheter, and the right MCA was successfully recanalized. After the complete absence of residual thrombi in the affected ICA was confirmed on contralateral carotid angiography combined with manual aspiration from the BGC (Fig. 4F) , the BGC was deflated for the first time. The final TICI grade was 2b.
The patient's neurological symptoms improved gradually after the procedure. She was transferred to a rehabilitation hospital 1 month after stroke onset with an NIHSS score of 10. The cause of cerebral infarction in this patient was paradoxical embolism due to deep venous thrombosis.
Discussion
The advent of stent retrievers has dramatically improved the treatment outcomes of endovascular therapy for acute ischemic stroke. Several recent randomized controlled trials have shown that revascularization therapy using a stent retriever is effective for acute intracranial large artery occlusion of the anterior circulation, including the ICA. 1, 6, 12 Based on these results, the American Heart Association/American Stroke Association guidelines now recommend performing revascularization therapy with a stent retriever in addition to intravenous tPA for eligible patients. 11 However, revascularization therapy for acute ICA occlusion, which is often associated with numerous thrombi, is not always simple. 7, 9, 10 Use of a BGC has been reported to prevent distal embolization during revascularization therapy for acute ischemic stroke. 3, 4 However, in the case of acute ICA occlusion with numerous thrombi, because a single thrombectomy attempt may not completely remove all thrombi, distal embolization may occur when the BGC is deflated. Therefore, in the present case series, we kept the BGC inflated until the absence of residual thrombi in the affected ICA was confirmed. This prevented distal embolization of residual thrombi in 3 of the 6 patients. The ordinary use of a BGC alone may be insufficient to prevent distal embolization during revascularization therapy of acute ICA occlusion. The method described here, namely the combined use of a continuously inflated BGC and contralateral carotid angiography, may provide superior revascularization results in acute ICA occlusion.
Our treatment strategy in revascularization therapy of acute ICA occlusion is to give top priority to removal of the thrombus in the carotid terminus. This is our strategy because removal of a thrombus in the carotid terminus allows collateral flow from the contralateral side. As long as the carotid terminus is patent, there is no need for haste in removing thrombi proximal to the carotid terminus. In the present case series, we first performed contralateral carotid angiography to assess whether the carotid terminus was occluded. If the carotid terminus was occluded, we removed the thrombus in the carotid terminus with top priority, as if to pull it down proximally. Evaluation of whether the carotid terminus had been recanalized after thrombus removal was performed by contralateral carotid angiography. Contralateral carotid angiography, which provides important information such as the occlusion site and collateral circulation during the procedure, was very useful for determining the treatment strategy of acute ICA occlusion.
Even after a thrombus in the carotid terminus is removed, cases in which blood aspiration from the BGC is not possible are occasionally encountered. In such cases, we first recommend performing microcatheter angiography to investigate the cause. Possible causes of the inability to aspirate blood from the BGC besides residual thrombus as described in Case 2 include vasospasm due to BGC placement and severe stenosis due to arteriosclerosis or dissection. If severe stenosis due to arteriosclerosis or dissection is found by microcatheter angiography, the BGC can be temporarily deflated to treat these lesions; however, it is very important that the absence of residual thrombi be confirmed before the BGC is deflated.
We do not recommend the method described herenamely, the combined use of a continuously inflated BGC and contralateral carotid angiography-for revascularization therapy of acute MCA occlusions. The first reason for this is that the thrombus burden in acute MCA occlusion is not as high as that in acute ICA occlusion. The second reason is that prolonged inflation of the BGC can reduce leptomeningeal collateral flow from the ipsilateral anterior cerebral artery, which may further worsen cerebral ischemia in the MCA territory. In Case 5, the BGC was kept inflated until the end of the procedure, but it should have been temporarily deflated when the residual thrombus in the right carotid siphon was completely removed and the condition became right MCA occlusion. This is the first report to describe the usefulness of contralateral carotid angiography in revascularization therapy of acute ICA occlusion. In situations in which prompt recanalization is desired, introduction of a diagnostic catheter into the contralateral ICA certainly leads to some time loss, but introducing a diagnostic catheter should not take that much time for a neurointerventionalist. 8 Indeed, in the present case series, the time required for introducing the diagnostic catheter was within a few minutes in all patients. We believe that the benefits provided by contralateral carotid angiography outweigh this time loss of only a few minutes.
Limitations of the Study
The present study was a case series with a small number of patients, and no comparison with a control group was made. Therefore, we cannot affirm the clinical efficacy of contralateral carotid angiography. To use contralateral carotid angiography, a sufficiently large ACoA and bilateral A 1 segments are required. Preoperative assess- ment with MRA or CT angiography source images would help determine whether contralateral carotid angiography is appropriate.
Conclusions
In the present case series, contralateral carotid angiography was very useful for revascularization therapy of acute ICA occlusion because it not only provided important information such as collateral circulation during the procedure but also avoided distal embolization. We hope that the clinical efficacy of this contralateral carotid angiography will be verified in the near future by prospective studies involving a larger number of patients.
